As is well known, the method of modifying cows' milk by the -addition of citrate of soda was first advocated by Sir Almroth Wright [15] . It was based theoretically on the influence which calcium salts had been proved to exert on coagulability, and especially on the experiment of Arthus and Pages, who showed that the clotting of milk could be entirely prevented if the calcium salts in it had been precipitated by the addition of oxalates and fluorides. Sir Almroth Wright substituted citrate of soda for these poisonous salts, and showed that it was equally efficacious as a means of influencing the coagulability of milk. By a series of experiments in vitro he demonstrated not only that the coagulation of milk could be entirely prevented by the addition of this salt, but that the softness and fineness of the curd varied directly with the amount of sodium citrate used. Here, then, was an obvious means of combating the chief source of the digestive disturbances of bottle-fed babies-the toughness and firmness of the curd of cows' milk-and rendering it like the more soft and flocculent curd of human milk. The relative amount of calcium salts in cows' milk and human milk substantiates this view. Cows' milk is the food provided by nature for the growing calf, an animal possessing a large quantity of rapidly 
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As is well known, the method of modifying cows' milk by the -addition of citrate of soda was first advocated by Sir Almroth Wright [15] . It was based theoretically on the influence which calcium salts had been proved to exert on coagulability, and especially on the experiment of Arthus and Pages, who showed that the clotting of milk could be entirely prevented if the calcium salts in it had been precipitated by the addition of oxalates and fluorides. Sir Almroth Wright substituted citrate of soda for these poisonous salts, and showed that it was equally efficacious as a means of influencing the coagulability of milk. By a series of experiments in vitro he demonstrated not only that the coagulation of milk could be entirely prevented by the addition of this salt, but that the softness and fineness of the curd varied directly with the amount of sodium citrate used. Here, then, was an obvious means of combating the chief source of the digestive disturbances of bottle-fed babies-the toughness and firmness of the curd of cows' milk-and rendering it like the more soft and flocculent curd of human milk. The relative amount of calcium salts in cows' milk and human milk substantiates this view. Cows' milk is the food provided by nature for the growing calf, an animal possessing a large quantity of rapidly growing bone, and therefore requiring a correspondingly large supply of calcium salts, shown by Bunge to amount to 0'17 per cent. Huinan milk, on the other hand, is destined for a progeny in whom bone formation is relatively slow, and contains only 0 03 per cent. of lime salts.
The profession has to thank Dr. F. J. Poynton [11] for re-introducing to its notice this valuable method of feeding, which had been in abeyance for about nine years. In 1904, in a paper in the Lancet, he recorded the success which he had obtained by its mneans among fifty infants who had been brought to the Hospital for Sick Children, Great Ormond Street, suffering from various degrees of nutritional and digestive disturbance. He, however, combined citration with dilution. Since then many papers have been written fully bearing out the opinion which he had formed of the great value of citration, and the method has come into very general use. It is, however, almost always employed in combination with the older method of dilution as advocated by Dr. Poynton, and few practitioners have followed ouit the original suggestion of Sir Almroth Wright, of giving whole milk to which sodium citrate only had been added. Although it has been proved beyond any shadow of doubt that the administration of citrate of soda profoundly alters the digestibility of cows' milk and renders it more suitable for the infant, yet the principle on which it is given has not escaped criticism. Aibinder [1] contends that sodium citrate not only does not precipitate the salts of lime, but actually re-dissolves them after they have been precipitated by other means. He believes that the sodium citrate in some way checks the action of the gastric juice. Dr. T. Wood Clarke [5] , at the Rockefeller Institute, who has conducted a series of experiments on the effect of various milk modifiers on the gastric digestion, attributes the value of sodium citrate to the fact that it acts on the hydrochloric acid of the stomach, converting it into sodium chloride, and thus markedly reduces the available acid.
About three years ago I set out to determine whether it was necessary to dilute as well as to citrate the milk. The importance of this was borne in upon me by the obvious disadvantages of dilution, especially among the hospital class of cases. Over and over again one sees infants who have been fed on diluted milk and who, for no reason unconnected with their feeding, show the effects of malassimilation and indigestion, as evidenced by marasmus, vomiting, constipation, abdominal distension and pain, rickets and other dietetic disturbances, and defects.
DISADVANTAGES OF DILUTION.
This state of things can be partly explained, at any rate, by the disadvantages which diluted milk must always possess. In the first place, the addition of water or other diluent increases the bulk of the meal. This is probably a matter of some moment, for with large meals there must necessarily be a greater tendency to distension and atony of the stomach wall; also it is no uncommon experience to have to deal with a child who regularly shows signs of pain and discomfort after being fed by diluted milk, but who is comfortable if the volume of the feed is reduced. If this be done there is, however, the danger of underfeeding to be considered.
Secondly: If milk be diluted, the fat and sugar are reduced to proportions which are below that in human milk, and inadequate for healthy growth. There is need to add cream and sugar, and in amounts varying with the dilution employed. Although this is the orthodox procedure, very little experience shows that it is one which often is not adhered to. Not only is this so among the poor, who cannot possibly afford to buy the necessary cream, but also among their richer neighbours, who have never been informed of the necessity for it. Most samples of cream, especially in the summer months, contain preservatives, which, however harmless they may be to adults, are unsafe for use in infant food. So frequently is some preservative used in cream that it may almost be taken for granted that any cream obtained by the hospital class of patients would contain it. Under the directions of Dr.
Collingridge, twelve samples were obtained recently in order to determine the extent to which preservatives are used in preparing cream for retail in the City of London. Ten of these contained boracic-acid preservatives, and three-i.e., one-fourth-contained it in excess of the limit, 025 per cent., recommended in the Departmental Committee's report. Dr.
Hamill [9] has also shown that benzoate or salicylate of sodium is sometimes used, and that the cream is not uncommonly thickened with gelatine, starch paste, or sucrate of lime.
Thirdly: The varying degrees of dilution suitable for different ages constitute a serious drawback. If a certain dilution has been prescribed at any time, it happens not infrequently that the baby is kept strictly to that dilution long after the necessity for it has passed, and consequently is in danger of underfeeding. The complexity of the dilution method often supplies too great a task for the mother, entailing as it does a knowledge of the dilution suitable for each month and the amount of cream and sugar to be added.
Fourthly: Dilution only, without citration, often leaves the chief source of digestive disturbance-the toughness of the curd-untouched. It is true that dilution with plain boiled water diminishes the bulk of the coagulum, but its consistence is the same as before, since the.proportion of casein to lime salts remains in statu quo ante. Barley water is given with the intention of physically influencing the toughness of the curd, but it must be remembered that, as ordinarily made, it contains from 1 to 2 per cent. of starch. Lime water, contrary to former belief, either maintains or enhances the acidity of the gastric juice (Clarke [5] ). It has, however, been shown that the acid curds of milk are not the cause of indigestion, but those produced by rennin, for, as Sir Almroth Wright pointed out, under ordinary circumstances the latter only are formed when milk is taken into the fasting stomach. In certain cases, however, hyperacidity undoubtedly influences milk digestion, and under these circumstances citration is advantageously combined with the addition of sodium bicarbonate.
WHOLE-MILK FEEDING.
Under these circumstances it seemed that it would be a great boon if the original suggestion could be complied with, and dilution left out of the process altogether. The giving of whole milk is, of course, no novelty. It has long been recognized that certain strong, healthy babies will digest unmodified and undiluted cows' milk, but these constitute only a small minority. In Paris, Professor Budin [3] had vast experience in the administration of whole milk in distribution centres or gouttes de lait, and his results were entirely favourable. This was ascribed by Chavane to differences in the curd, dependent upon the sterilization of the milk at 1000 C. for 15 minutes, which Professor Budin employed. " According to my experiments in vitro," writes Chavane, [4] " the clot of milk thus sterilized offers no resistance or sense of elasticity to the finger on pressure; it yields like a thick fluid such as cream, and on microscopical examination, although the fat globules are not appreciably altered, the particles of casein are found to be smaller and more homogeneous." Following Budin's work, many observers-Variot [14] , Comby [6] , Lazard [10] , Drapier [7] , Ruffie L131, Bonifas [2] , Gillet [8] , to mention some of the more prominentstrongly corroborated his views as to the efficacy of undiluted sterilized milk. Before I employed undiluted citrated milk, I knew also of some few children in England who had been fed upon it from earliest infancy, and had grown strong and well.
METHOD OF PROCEDURE.
The exact plan which I have followed at Paddington Green Children's Hospital must be described. When the baby is first brought to the out-patient department, supposing it is a case which is not thriving, it is weighed, and its weight is recorded on a chart which has been devised for the purpose. In the case of breast-fed children, an attempt is made to avoid artificial feeding, and the breast is continued, reinforced by additional milk for the mother, combined sometimes by the administration of cod-liver oil to the infant. Only after this has been found fruitless by future weighings is weaning permitted, and even then the mother is advised to give the breast night and morning still. By taking these precautions unnecessary weaning has often been avoided, and occasionally after a few weeks the breast mnilk has improved sufficiently in quality and quantity to allow of breast feeding alone.
When artificial feeding has been decided upon, the number of feeds per diem and the amount of each meal are then arranged. No hard-andfast line can be drawn either with regard to the frequency or the size of the feeds, since so much depends upon the vigour of each particular child, on the degree to which it has lost ground, and on its previous feeding; but the following rule affords a useful guide BY DAY. After six weeks a slight readjustment of meals can be made, so that the baby goes without food from 11 p.m. until 5 a.m., which it is quite able to do. For quantities I was guided at first by the following This table-was intended for strong healthy children, and, as I have had to deal with children in various stages of malnutrition and maldevelopment, I soon found that its amounts were too great for my purposes, and I have since relied simply on the weight and condition of the baby. In such cases it is important to start well below the theoretically adequate amount and to feel one's way from week to week. My experience of citrated milk feeding for infants during the first fortnight of life is very small, and although cognizant of several instances where citrated undiluted milk has proved quite satisfactory even at this early age, I should not now be disposed to employ it. In the breast, as Dr. Pritchard [12] has pointed out, " the transition from colostrum to coagulable milk is relatively slow; it may be ten days or more before the mammary secretion assumes the characters of true milk. During this time the stomach has been functionally developing, acquiring tolerance to the presence of coagulated casein, and learning to peptonise or liquefy the clot soon after its formation. There can be no evasion or short-circuiting of this route." Dr. Dicks, who has been employing citrated whole milk for babies born in a London infirmary and has been following the scheme given above, tells me that although many new-born infants flourish on it, others are not so successful. The material, however, which he has had to deal with is of the poorest class. Under these circumstances, and having in view the nature of the mammary secretion at this period, the safest plan is to give whey during the first fortnight of life, rather than risk promoting early indigestion, which will want combating later. The objections to citrated milk in the first two weeks apply, of course, with greater weight to milk which has been simply diluted.
Having decided on the amount and frequency of the feeds, I then prescribe to each ounce of milk ordered 2 gr. of citrate of soda, and this is dispensed in the form of a watery solution, one drachm of which has to be added to each feed ; for example, if 4 oz. of milk are given every three hours, the prescription is thus
Every three hours.
The mother is instructed to bring the milk to the boil and then to add one teaspoonful of the solution to each meal. If preferred, the sodium citrate may be added to the milk scalded in bulk, and this is more convenient in private practice. A good plan in private practice is to order always 20 gr. of sodium citrate to the drachm of water. A drachm of the solution is then needed for each half pint of milk used, and a 6-oz. bottle of the solution will last a fortnight or so, depending of course on the amount of milk given.
By bringing the milk to the boil, we render innocuous the living pathogenic micro-organisms, not present as spores, and guard against infection with tubercle bacilli. Recent investigations have shown that this is more than a little important, since we now know that bovine tuberculosis may infect the human being, and also that tubercle bacilli are found in anything from 7 per cent. to 23 per cent. of samples of milk collected. I have found also that the clot in vitro of citrated milk which has been brought to the boil -is finer than that which has been pasteurized or inerely warmed.
The mother is directed to bring the child again, at first weekly, afterwards every fortnight or three weeks. The baby is weighed at each attendance, and the amount of milk adjusted to its needs as shown by the scales, the general condition, and the mother's account. The mother's opinion as to whether the baby is satisfied or requires more is not to be lightly disregarded, and affords valuable help in deciding as to the amounts to be given. Citration is gradually lessened at about five months, and can usually be omitted altogether at about six months, when the arrival of teeth permits of unaltered milk and a more extensive dietary. Occasionally, however, in particularly delicate babies, citration has to be continued beyond the usual period.
ADVANTAGES.
One of the chief advantages of citrated whole milk is its simplicity. The mother cannot easily make a mistake. All that is necessary is to add a teaspoonful of the solution to a bottle of milk. Thus, much manipulation, with its attendant risks and mistakes, is avoided. This, of course, applies most forcibly to the hospital class of cases, for whom, too, it is especially suitable on account of its cheapness. The disadvantages of dilution, the bulkiness of the feed, the complexity of the monthly variations, the dangers of artificially preserved or thickened cream, or of giving a food containing too little fat, are all evaded.
There is no danger of scurvy. In my cases I have often been struck by the firmness of the muscles in babies fed by this method, as contrasted with others-a better guide to the state of nutrition than is the weight. It affords the advantage of easy digestibility, which condensed and desiccated milks possess, without their disadvantages. That it more readily agrees with the infant's powers of digestion than diluted milk 1Langmead: Diet of Wasting Infants has been noticeable frequently in my cases, and a return to simple dilution has often been attended by failure to gain weight, if not by disaster. A few examples may not be out of place:-Case 39.-Becky L., aged 6 weeks, was brought for wasting, screaming, and constipation. She then weighed 6 lb. 2 oz. only, and showed the usual signs of marasmus. She had been fed on cows' milk and barley water in correct proportions; 2 oz. of citrated milk were ordered, and 1 lb. 4 oz. was gained in the first fortnight. The mother then gave cows' milk and barley water again on her own responsibility, and during the next fortnight the weight dropped by 4 oz. Citration was restarted, when 7 oz. were added in each of the subsequent two weeks. (Vide Weight Chart I.) Case 72.-Christopher C., aged 4 months, was brought for marasmus. He had been fed on cows' milk and barley water and weighed 9 lb. 8 oz. He gained satisfactorily with citrated whole milk until aged 8 months, when his weight was 13 lb. 10 oz. Citration was then stopped, and during the next four weeks 3 oz. were lost. Citration was restarted, and coincided with increase in weight again, 1 lb. 10 oz. being steadily gained in the following six weeks. (Vide Weight Chart IL.) Case 61.-Alfred R. first attended when aged 3 months. He then weighed 8 lb. 10 oz. and was brought for wasting. He was breast-fed, and this was continued with the addition of cod-liver oil, but the wasting continued. Citrated whole milk was started, and continued for four weeks, during which 1 lb. 6 oz. was gained. The mother then stayed away, and gave the baby equal parts of cows' milk and barley water, 2 oz. of each for five weeks. During that time the weight only increased 1 oz. Citration was restarted and 6 oz. was gained in each of the successive weeks. (Vide Weight Chart III.)
Another advantage of less importance is the absence of that frequency of micturition which is so troublesome in the case of the baby fed on diluted milk. CHART II.
Case 72. C. C.
No better testimony to the value of citrated whole milk could be adduced than that of the favour which it has met with at the hands of the sisters in the children's wards at St. Mary's Hospital. In both the medical and surgical wards at that institution, for about the last three years it has been the custom for the infants to be fed in this way, unless explicit orders for special feeding are given. Both the sisters tell me they prefer whole citrated milk to any other method of infant feeding, not only because of the little trouble which it entails, but because of the ill way in which the babies are satisfied, the little discomfort they have, and the way in which they progress. Both are enthusiastic in their opinion, and say that they are quite sure that the wards are quieter and the babies sleep better and do better generally than in the old days, when diluted milk and cream were given as a routine. 
DISADVANTAGES AND LIMITATIONS.
The chief objection to whole milk is the excess of proteid which it contains, but this difficulty is more apparent than real, for the excess is simply passed by the bowel. That it is the curd and not merely the excess of protein which matters is fully shown by the experience of Professor Budin [3] and his disciples, and in the cases about to be recorded. Another disadvantage which has been advanced is the likelihood for constipation to be produced. Many of my cases were constipated, but they were so when first brought and before citration had been started. I have not been able to satisfy myself that it is more common than with other methods of feeding. Thirst may be apparent, but may easily be treated by teaspoonfuls of warm water between the feeds if necessary. It is quenched much better thus than by diluting the milk.
A danger which has to be mentioned is the likelihood of producing general cedema by decreasing the coagulability of the blood. I can only say that in my experience, amounting to about 150 cases, I have never yet seen either cedema or urticaria. In the one or two cases of which I have heard the citrate had been given in far too large doses. It is a complication which need not be considered if 2 gr. only are added to 1 oz. of milk.
If the solution is kept too long in a warm place, a fungus is apt to grow on its surface; but this may be avoided by the addition of a few drops of chloroform water. With regard to the limitations of whole citrated milk, I need scarcely mention that it is not suitable for those rare cases where milk in any form is not tolerated, but they are very rare. In hypertrophic stenosis or other obvious organic cause of malassimilation this method fares no better than others. In epidemic diarrhoea it is, of course, unsuitable, as is milk in any form.
Occasionally acid dyspepsia is the cause of want of growth and development, and of obvious distress after food. Under these circumstances sodium bicarbonate should be given also, to neutralize the excess of acid. The following case is an example Fred R. first attended when aged 3 months. He had been fed on the breast entirely, but was losing weight, jaundiced, very constipated, and screaming after food. Attention to the bowels did not relieve the indigestion or increase the weight. Citrated whole milk was given at first, in addition to the breast, and afterwards alone, as the breast milk stopped. There was a little improvement and gain in weight, but screaming and discomfort continued after meals, with some abdominal distension. Two grains of bicarbonate of soda were now added to each feed, and this was later increased to 4 gr. added to 3 oz. of milk. The indigestion was relieved, comfort was obtained after food, and about 7 oz. were gained weekly. He is now seven months old, healthy, and being fed on unmodified milk, with additional fat and carbohydrate.
ANALYSIS OF CASES.
Eighty consecutive cases are comprised in this paper. This does not include all those treated, but such only as have been accessible enough to permit of regular weighings. No selection has been made. It must be acknowledged that several cases not included only attended for once or twice, as is usual in hospital practice, but nearly all those who came twice showed already an increase in weight before they were lost sight of. Of the eighty cases, forty-one are girls and thirty-nine boys, and the ages at the first attendances vary from three weeks to four months.
PREVIOUs FEEDING. When first seen thirty were being fed on cows' milk and barley water, and four on cows' milk and boiled water. It is significant that in only two of these cases was any attempt made to add extra fat, in one in the form of cream in quite inadequate amounts, and in the other as codliver oil. In a third case maltine had been added. One was receiving milk, lime water, and cream. In one case, the milk was being peptonized, and in another humanized. Seven were being fed on condensed mnilk, in one case supplemented by Sanatogen, and in another by Empress wheaten flour. Patent foods were being given in eleven instances and had previouslv been given in seven more. Altogether seventeen varieties of patent foods had been tried in these cases. In one instance albumin water only was being given. Twenty-one were on the breast, in one case supplemented by condensed milk and in another by nursery biscuits.
WEIGHTS ON FIRST ATTENDANCE. The poor state of nutrition of the cases when first seen can be best gauged by the weights at that time. Four weighed under 51b., their ages being 3, 4, 8, and 10 weeks respectively. Ten others weighed 6 lb. or under, their ages varying from 5 weeks to 3 months. The lightest baby weighed 4 lb., and was 3 weeks old. All weighed below the average and had been wasting when first given whole citrated milk. Three, according to the mother's statements, were brought because they were given up by their doctors, and in one case a death certificate had already been promised.
RESULTS.
The results of this method of feeding have been very gratifying. All gained in weight. This was especially surprising seeing that previously all had been wasting, and on very many kinds of foods. I have knowledge of only one fatality. This was that of a very ill-developed undersized child who first attended, aged 2 months, and weighing 8 lb. 2 oz. For fifteen weeks he gained an average of 3-53 oz. weekly, but died of epidemic diarrhoea in September. Other nembers of the family had diarrhoea also.
In one case the citrated whole milk was gupplanted by another preparation. According to the mother it was being pumped up whilst condensed milk was retained, and as the child was not progressing I allowed the condensed muilk to be given temporarily, and afterwards lost sight of the patient. It is important that the presence of thrush was coincident with the want of progress.
In a third cas'e the citrated milk was given as a means of assisting breast feeding, and after about a nmonth was unnecessary.
Three were the subjects of rickets. One of these had rickets before coming under treatment; one had as well as rickets, congenital syphilis, hernia, phimosis, and bronchitis. The remaining seventy-four cases were all well and healthy when last seen. Five developed diarrhoea and vomiting in the summer months, from which they recovered. There was no case of gastro-intestinal disturbance apart from zymotic diarrhoea sufficiently severe to produce loss of weight. Dr. SPRIGGS said that Dr. Langmead was to be heartily congratulated on having put together such a series of cases. When a new method of treatment was introduced it was essential that such collections should be made, in order that it might take a place, or lose one, as the case might be, in the armoury of the doctor. He wished to ask whether the cases, of which charts were shown, were having the same amount of milk independent of dilution during the middle period of ordinary feeding as they were during the fore and after periods on citrated undiluted milk. To make it a clean experiment they should have had at least as much milk in the diluted form. Also, when the children were discharged, was there any instruction to go on with the ordinary milk, or was the mother told to keep on with the citrated milk ? Dr. Langmead said the excess of proteid matter was not absorbed. He (the speaker) presumed that that statement had been established by careful experiment, because otherwise he would have thought it unlikely, from experimental results, that a large quantity of protein would be passed through unabsorbed over any prolonged period. He had used citrated milk for children in the wards, suffering from severe marasmus, and had been favourably impressed by it. Dr. Langmead referred to cedema as a result of diminished coagulability of the blood, but he (the speaker) thought it might be due to a retention of sodium in the tissues which the kidney could not turn out rapidly enough. A similar cedema was liable to occur from the prolonged use of sodium bicarbonate in diabetes. Dr. POYNTON congratulated Dr. Langmead on his paper. The idea was due to Professor Wright, but he (Dr. Poynton) took some credit for having dug a note of Professor Wright's out of the Lancet 1 and applied it practically. The principle had been a great help in the feeding of children. Speaking generally, citrated milk was valuable. Though American physicians had accused him (Dr. Poynton) of causing in a fortnight or a month acute rickets by his method, he had not himself seen anything of that sort. There was no harm in citrated milk, properly used. He had often noticed that doctors increased the milk, but did not increase the citrate accordingly. That was not a fair way of putting it to the test. Citrated milk did not suit all children: some at once got troublesome diarrhcea, and, on being taken off it, had gone on well enough. The great point raised in Dr. Langmead's paper was, ought undiluted milk to be used? Originally he did not dare to use it, but used slightly diluted milk, and pushed it forward as quickly as possible to undiluted. Knowing how uncertain children were, he did not like to publish broadcast that they should be put on undiluted milk, because if a child went wrong on cows' milk one did not know how much trouble might result. If it went wrong on full milk, it did so badly. ' Lancet, 1904, ii, p. 433.
1Langmead: Diet of Wasting Infants
It might require weeks to get right again. Therefore, when dealing with small babies he preferred to start with diluted and citrated milk, and increase the strength of the milk and the proportion of citrate of soda. Still, he would give the method of using whole milk a good trial to see how it worked.
Dr. RONALD CARTER, who read a paper on the subject last January, said that for the last two years he had been recommending citrated milk at his infant consultations at North Kensington, and had had great success with it, especially in the case of wasted infants, some of whom had been having the ordinary diluted milk. On being put on citrated milk their weight had gone up remarkably, and all the colic ceased and their general condition improved. Dr. Langmead had been using 2 gr. to the ounce, whereas he (Dr. Carter) used 1 gr. to the ounce.
Dr. LANGMEAD replied that in the children in whom the citrated milk was left off it was not discontinued intentionally, and therefore it was scarcely the same as an exact experiment. Mothers left it off by not bringing the infants. But they had the usual amounts recommended for that period: a child 4 months old had four tablespoons of milk. When he left off the treatment, he did so gradually, and tried to stop it altogether before losing sight of the.child.
Ordinary milk was used afterwards. He expected to meet with children for whom citrated milk seemed unsuitable, but so far he had not done so. He knew that Dr. Carter had had a large experience in the feeding of infants with undiluted citrated milk, and had written a valuable paper giving his experiences on the matter in North Kensington. In answer to Dr. Miller, he had not noticed any untoward results in connexion with Walker Gordon milk, where that particular milk was used.
